Regulation of the erythrocyte Ca(2+)-ATPase by mutant calmodulins with Glu----Ala substitutions in the Ca(2+)-binding domains.
We have used four mutant calmodulins to study the regulation of human erythrocyte Ca(2+)-ATPase by the calmodulin-dependent pathway; the conserved Glu at position 12 in each of the four Ca(2+)-binding domains of calmodulin (Glu31, Glu67, Glu104, or Glu140) was replaced by Ala. At pCa 7, where unmodified calmodulin maximally activates the erythrocyte Ca(2+)-ATPase, all four mutants stimulated Ca(2+)-ATPase activity to the same maximal velocity. However, the concentrations of mutant calmodulins required for half-maximal activation (KCaM) were significantly higher than that for unmodified calmodulin and were strongly dependent on the domain in which the mutated Glu was located; substitution in either the first or second Ca(2+)-binding domain had little effect (2-3-fold increase in KCaM), whereas substitution in either the third or fourth domain resulted in a dramatic, 25-71-fold increase in KCaM. The same order of sensitivity was observed when the Ca2+ dependence of enzyme activation was measured at a constant 100 nM concentration of mutant calmodulin. These data point to dramatic differences in the functional significance of the replacement of the Glu at position 12 in each of the four Ca(2+)-binding domains for activation of the Ca(2+)-ATPase. The 2 Glu residues located in the carboxyl-terminal half of calmodulin (particularly Glu140) are crucial for activation of the Ca(2+)-ATPase at physiologically significant Ca2+ concentrations.